Chemical abrasion was carried out on zircons grains of the Temora II standard for U-Pb dating prior to analyses using in situ Laser Ablation-MultiCollector Ion Coupled Plasma Mass Spectrometer (LA-ICPMS) followed by the Isotope Dissolution Thermal Ionization Mass Spectrometer (ID-TIMS) method. The proposed methodology was herein applied in order to reduce primarily the effects of secondary Pb loss, the presence of common lead and/or silicate impurities. Nine Temora II zircon grains were analyzed by the laser ablation method yielding an age of 418.3±4.3 Ma. Zircon grains of a same population were separated for chemical abrasion before dissolution and mass spectrometry analyses. Six fractions of them were separated for isotope dissolution using 235 U-205 Pb mixed spike after we have checked and assured the laboratory conditions of low blank values for total Pb of less than 2 pg/g. The obtained U-Pb zircon age by the ID-TIMS method was 415.7±1.8 Ma (error 0.43 %) based on four successful determinations. The results are consistent with the published ages for the Temora diorite (Temora I -416.75±1.3 Ma; Temora II -416.78±0.33 Ma) and established as 416±0.33 Ma. The technique is thus recommended for high precision U-Pb zircon analyses (error < 1 %), mainly for high resolution stratigraphic studies of Phanerozoic sequences.
INTRODUCTION
The age determinations of geological events are a significant tool in basic and applied earth science studies. In the last two decades, the in situ, high resolution U-Pb dating by SHRIMP (Sensitive High Resolution Ion Microprobe) (Williams 1998 , Rasmussen 2005 and LA-ICPMS (Laser Ablation Ion Coupled Plasma Mass Spectrometer) (Kosler et al. 2001 , Pickhardt et al. 2005 has brought new insights into the understanding of crystallization ages of minerals, especially zircon. The complexity of geological processes registered in the minerals can be dated with these techniques. These solid state, in situ determinations are useful Anais da Academia Brasileira de Ciências (2012) to geoscientists because they can identify the timing of events such as rock generation, metamorphism and deformation in the crust and mantle. Despite the great advance in U-Pb in situ dating with SHRIMP and LA-ICPMS methods, in some cases these techniques do not attain the required accuracy to date geologic events that occurred at the end of the Precambrian and in the beginning of the Phanerozoic. In these cases, more precise techniques are required, such as the isotopic dissolution (ID) methods in minerals using Thermal Ionization Mass Spectrometer (ID-TIMS). However, the total Pb blank (common Pb contamination) in the laboratory has to be less than 2 pg/g. Indeed, in good laboratory conditions the dating of one crystal or part of it by ID-TIMS may yield better precision than 0.1% of error, while the in situ dating with 25 μm beam gives 1% or more of error (Bowring and Schmitz 2003) .
The chemical abrasion procedure in the zircon dissolution method is widely used because it may avoid the common Pb that is present in the external surface of the crystal. This procedure has improved the high resolution U-Pb dating.
Thus, the aim of this study is to present the U-Pb dating of zircons of the Temora diorite by ID-TIMS by applying the chemical abrasion technique to the analyzed zircon fractions before the isotope dissolution. The sample for this study was provided by the Australian Geological Survey Organization, and the diorite has been systematically used as standard for geochronological studies (Black et al. 2003) . In order to separate the zircon grains with a single crystallization phase (zircon with overgrowth), U-Pb in situ dating by the LA-MC-ICP-MS method was carried out in the zircon concentrate.
ANALYTICAL PROCEDURES
After the crushing and milling of the diorite Temora II sample, zircon grains were separated by conventional procedures using heavy liquids and magnetic separator after concentration by hand panning. The most clear and inclusion-free zircon grains from the least magnetic fractions were handpicked for in situ LA-MC-ICP-MS analyses and exposed to chemical abrasion for subsequent U-Pb ID-TIMS analyses.
U-Pb in situ LA-MC-ICPMS ANALYSES All zircon grains were mounted in epoxy in 2.5-cmdiameter circular grain mounts and polished to reveal the internal part of the grains. Images of zircons grains were obtained using binocular microscope Leica MZ 12 5 and backscattering images with the scanning electron microscope Jeol JSM 5800. Zircon grains were dated with a New Wave UP213 laser ablation microprobe coupled to a Neptune MC-ICP-MS at the Isotope Geology Laboratory of Universidade Federal do Rio Grande do Sul (UFRGS). Isotope data were acquired using a static mode with the spot size of 25 µm. The Laser-induced elemental fractional and instrumental mass discrimination were corrected by the GJ-1 reference zircon (Simon et al. 2004) , following the measurement of two GJ-1 analyses to every ten sample zircon spots. The external error was calculated after the propagation error of the GJ-1 mean and the individual sample zircon (or spot). Laser operating conditions are summarized in Table I , and a detailed description of analytical method can be found in Chemale Jr. et al. (in press ). 
U-Pb ID-TIMS ANALYSES

Water and acid preparation and washing
In the Isotope Geology Laboratory of UFRGS clean laboratory facility (class 100), we obtained the best water and acid blanks for the U-Pb isotope dilution method, taking into account the suggestions of the researchers of Earth Time group (Bowring, personal communication) .
The study started by improving the laboratory conditions in order to get low Pb blanks for the analyses. This involved the purification of water to prepare the acids and the cleaning of the polytetrafluoretilene (PTFE) vials, bomb and microcapsules to dissolve the zircon grains. In order to get pure acids, we produced purified water below 2 pg/g of total Pb, from initial Milli-Q ® water with blank values lower than 10 pg/g. To purify the Milli-Q ® water, we used two techniques: (i) filtering process with anionic resin (10 ml each time) and (ii) bi-destillation of Milli-Q ® water. The second technique was more effective and faster, producing a larger amount of ultrapure water with a blank of total Pb under 2 pg/g. After the preparation of water and acids with total Pb blank values (under 2 pg/g), we proceeded to the cleaning procedure of microcapsules and bombs. Each bomb and microcapsule was washed nine (9) times with the following acids sequence: HF conc + HNO 3 7N at 200° C in the oven for one day (3 times); HCl 6N at 200° C in the oven for two days (3 times); and HF conc + HNO 3 7N at 200° C in the oven for one day (3 times). In each acid washing exchange the bomb and microcapsules were washed three times with purified water with 2.5 Pb pg/g of total Pb.
Zircon pre-treatment (including chemical abrasion)
Zircon crystals from the same igneous population analyzed at Isotope Geology Laboratory of UFRGS by LA-MC-ICP-MS were separated by handpicking for ID-TIMS analyses. These crystals were clear and inclusion free. All zircon crystals were photographed with a binocular microscope. The isotope analyses were done after the following preparation steps. The zircon grains were pre-treated following the procedures suggested by Mundil et al. (2004) , which are: annealing (thermal treatment at 850°C for 36 h); making photograps of all crystals using the binocular microscope; chemical abrasion (HF conc in Teflon vials, as pressurized dissolution, at 200°C for 16 h); washing several times with tridistilled HNO 3 ; cleaning with aqua regia in an ultrasonic equipment followed by tridistilled HNO 3 ; making photographs of all crystals using the binocular microscope to estimated the sample weight; zircons were separated into groups of 6 to 8 grains, weighing approximately 10 µg each; and tgrouping the zircon grains that were then transferred to ultraclean microcapsules (PFTE Krogh type).
Zircon dissolution and U-Pb analyses
After the chemical abrasion, the separated zircon grains were dissolved in a microcapsule as follows: 10 drops of ultraclean HNO 3 7N were added and heated in the hot plate for 30 minutes at 100° C; the zircon grains were washed three times with HNO 3 7N, and a drop of acid plus zircon grains was left in the bottom of the microcapsule; 200 µl of 50 % HF was added with 4µl double spike (Black et al. 2004) , although the calculated error is too high for geochronological studies of Phanerozoic rocks.
In the present study, the dating by the ID-TIMS method is more appropriate for zircon grains with only one crystallization phase. Thus, the ID-TIMS analyses of the same zircon population of Temora II standard were performed in two important steps before the zircon dissolution, which permitted to get high quality results (Table III) . Ultrapure water with very low total Pb blank was used, and this demanded a long time to obtain (approximately 4-6 months). Indeed, it is not possible to obtain a high resolution U-Pb dating without a good laboratory blank (Bowring and Schmitz 2003) . Aother important step was the combination of zircon heating and chemical abrasion. This step showed that the results could be improved by leaching the common Pb present in the outer part of zircon grains. The heating procedure can seal small fractures, and, thus, homogenize the external surface, which was leached by chemical abrasion with HF vapor. The chemical abrasion procedure in this work is that described by Mundil et al. (2004) .
The results are presented in Table III , which includes the analytical data of analyzed zircon grains and NBS 982 values obtained during the U-Pb isotope analyses.
Two blanks and seven zircon samples were analyzed. The obtained values for blanks (microcapsules without samples) were < 1pg/g of total Pb. Two zircon samples presented either very low 206 Pb/ 204 Pb isotope ratios (~200) or unreliable U-Pb data (sample MC 6), which we attribute to high Pb blank of the MC or to contamination during the analyses. From the five reliable analyses, two yielded concordant or almost concordant zircon fractions with concordia age at 416 Ma, and three discordant zircon fractions are used for age calculation (Figure 2) . The age obtained is 415.7±1.8 Ma(±0.43%, 95 % conf.) (Figure 3) , one day), although the error uncertainty is larger than 1 %. The obtained age and error can be used for regional geological studies or detrital zircon age determination, but it cannot solve some questions such as high resolution stratigraphic studies of Phanerozoic sequences.
On the other hand, the ID-TIMS method is a time consuming method as it takes at least seven days to be performed, and is very sensitive to laboratory conditions. The obtained age and error are more precise and accurate, with an error uncertainty < 0.5 %, so the method can be applied to high resolution, Phanerozoic stratigraphy. The results of the present study, with the ID-TIMS methods combined with a previous in situ zircon dating, i.e., LA-MC-ICPMS method, are therefore signifi cant for U-Pb high precision analyses, because the total Pb blank of the laboratory is under 2 pg/g, and the dated zircon phase has a single crystallization phase. The chemical abrasion combined with step heating is also a recommended method since it considerably decreases the amount of common Pb in zircon grains before their dissolution.
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